ObJective Far-lateral or extreme-lateral approaches to the skull base allow access to the lateral and anterior portion of the lower posterior fossa and foramen magnum. These approaches include a certain extent of resection of the condyle, which potentially results in craniocervical junction instability. However, it is debated what extent of condyle resection is safe and at what extent of condyle resection an occipitocervical fusion should be recommended. The authors reviewed cases of condyle resection/destruction with regard to necessity of occipitocervical fusion. methOds The authors conducted a retrospective analysis of all patients in whom a far- or extreme-lateral approach including condyle resection of various extents was performed between January 2007 and December 2014. results Twenty-one consecutive patients who had undergone a unilateral far- or extreme-lateral approach including condyle resection were identified. There were 10 male and 11 female patients with a median age of 61 years (range 22-83 years). The extent of condyle resection was 25% or less in 15 cases, 50% in 1 case, and greater than 75% in 5 cases. None of the patients who underwent condyle resection of 50% or less was placed in a collar postoperatively or developed neck pain. Two of the patients with condyle resection of greater than 75% were placed in a semirigid collar for a period of 3 months postoperatively and remained free of pain after this period. At last follow-up none of the cases showed any clear sign of radiological or clinical instability. cONclusiONs The unilateral resection or destruction of the condyle does not necessarily result in craniocervical instability. No evident instability was encountered even in the 5 patients who underwent removal of more than 75% of the condyle. The far- or extreme-lateral approach may be safer than generally accepted with regard to craniocervical instability as generally considered and may not compel fusion in all cases with condylar resection of more than 75%.
T he far-lateral or extreme-lateral approaches to the skull base allow a wide exposure of the lower lateral and anterior portion of the posterior cranial fossa as well as the craniocervical junction. The key for optimal exposure of this area is the resection of a certain extent of the condyle and the jugular tubercle. Synonyms for far-or extreme-lateral approaches are therefore also transcondylar and transtubercular approaches. Drilling of these parts of the occipital bone widens the operative corridor and reduces the need for retraction of the cerebellum and the medulla oblongata. In the last few years, transcondylar approaches to the craniovertebral junction have been increasingly reported to reach a variety of lesions such as tumors, cysts, vascular malformations, and aneurysms. 1, 2, 4, 5, 7, 8, [11] [12] [13] [14] Surgically induced craniocervical junction instability, the main drawback of this approach, has been described. Clinical signs of craniocervical junction instability are incapacitating pain and neurological deficits caused by compression of the medulla. In these cases, occipitocervical fusion is required. However, loss of motion in the occiput-C1 and C1-2 segments results in significant disability and impairment in the patient's quality of life. The recommendation for an occipitocervical fusion has been based primarily on the extent of condyle resection. According to a biomechanical laboratory study, the risk for craniocervical junction instability increases with the degree of condyle loss. 16 Based on other single-center experience, occipitocervical fusion was recommended for patients with condyle destruction or resection of 50% 13, 16 or 70%. 4 Having the disabling nature of an occipital fusion in mind, we follow a conservative approach at our institution. The indication for occipitocervical fusion was based on the clinical signs of craniocervical instability and not on radiological signs such as increased motion on flexion-extension radiographs or condyle loss on CT.
The aim of this study is to present our own experience with the far-or extreme-transcondylar approach in terms of the necessity of occipitocervical fusion.
methods
We performed a retrospective review of patients who underwent surgical treatment for lesions at the craniocervical junction between January 2007 and December 2014 via a unilateral far-lateral or extended far-lateral approach that included condylar resection. Twenty-one consecutive patients were identified, and their data were retrospectively examined. Data were gathered through review of patients' case notes, relevant imaging, and electronic medical records. MRI studies including contrast-enhanced sequences were obtained in 20 cases. One patient had a cardiac pacemaker, which was incompatible with MRI. CT scans of the affected region and flexion-extension radiographs were obtained in all cases of condyle destruction or resection of ≥ 50% to better evaluate the extent of bone destruction or possible craniovertebral junction instability. Follow-up was performed at outpatient evaluation at 3 and 12 months and yearly thereafter for benign lesions and at 3-month intervals for malignant lesions. One patient had a neuroenteric cyst and therefore underwent only 1 followup visit 3 months postoperatively. Patients were evaluated pre-and postoperatively for neck pain, cervical mobility, and neurological deficits.
results
There were 10 male and 11 female patients with a median age of 61 years (range 22-83 years). Lesions included 6 meningiomas, 3 glomus paragangliomas, 3 schwannomas, 2 metastases, 2 cholesteatomas, 1 primary adenoid carcinoma, 1 chondrosarcoma, 1 neurenteric cyst, 1 posterior inferior cerebellar artery aneurysm, and 1 condyle chondroma. The most common cause of presentation was cranial nerve palsy, which was seen in 13 cases (62%) ( Table 1 ). The mean follow-up duration was 27 months (range 3-84 months). Intraoperative monitoring, including somatosensory, motor, and acoustic evoked potentials, and facial and caudal cranial nerve monitoring, was performed in all cases.
The lesion dictates the extent of condyle drilling. For lesions located ventromedial to the brainstem and upper cervical spine and lesions of the jugular foramen, minimal condyle drilling was required. In the case of the patient with a posterior inferior cerebellar artery aneurysm, drilling of less than the posterior fourth of the condyle was sufficient to gain optimal exposure. In the case of a 22-yearold man with a glomus paraganglioma, drilling up to the hypoglossal canal (50% of the condyle) was needed. In all 5 patients with a postoperative resection of more than 75% of the occipital condyle, already preoperatively, the occipital condyle was partially destroyed by the underlying pathology. In these patients, the operative drilling itself uncovered the extradural tumor. The overall postoperative condyle resection was a combination of the preoperative destruction and intraoperative drilling of the occipital condyle. None of the 16 patients with condyle resection of 75% or less was placed in a collar postoperatively or developed neck pain or signs of brainstem compression.
In the 5 patients with condyle resection or destruction of more than 75%, only the 2 patients with malignant and rapid-growing tumors were placed in a semirigid collar for 3 months following surgery. For the 3 patients with benign and slow-growing lesions no postoperative collar was necessary ( Table 2 ). All patients received nonsteroidal antiinflammatory agents for pain control in the acute postoperative phase. None of patients, regardless of the extent of condyle resection/destruction, needed specific long-term pain management.
illustrative cases case 4
A 44-year-old man presented with a 2-month history of progressive dysphagia and right-sided tongue atrophy.
Neurological examination revealed nerve palsy of CNs X, XI, and XII. MR and CT imaging demonstrated a contrastenhancing dumbbell-shaped lesion of the hypoglossal canal eroding most of the right condyle (Fig. 1) . The patient underwent an extended far-lateral approach for resection of the hypoglossal tumor. The tumor was strongly adhesive to the pars nervosa of the jugular foramen. Therefore, subtotal resection was performed to minimize the risk of a new neurological deficit. Histopathological examination revealed a WHO Grade I schwannoma. The postoperative course was uneventful. Because the patient did not have any neck pain prior to or following surgery, we decided not to perform occipitocervical fusion. Nine months later, progression of the residual tumor was demonstrated on follow-up imaging. The operation was repeated, and a gross-total tumor resection was achieved (Fig. 2) . At last follow-up (67 months) radiographs demonstrated no signs of instability (Fig. 3) , and the patient had no neck pain or any new neurological deficits.
case 10
A 77-year-old man with known prostate cancer with multiple skeletal metastases presented with a new onset of a right-sided House-Brackmann Grade III facial palsy and hypacusis. MR and CT imaging demonstrated a large contrast-enhancing osteolytic lesion in the posterior fossa extending into petrous bone and condyle with displacement of the vertebral artery at C-1 (Fig. 4) . He underwent an extended far-lateral approach, and subtotal resection was achieved (Fig. 5) . Histopathological examination showed an adenocarcinoma of prostate origin. The postoperative course was uneventful. In order not to postpone adjuvant therapy, occipitocervical fusion was not performed and the patient was placed in a semirigid cervical collar postoperatively. The patient was successfully weaned from the cervical collar 3 months postoperatively. His facial palsy resolved completely, but his hypacusis did not improve. He developed further spinal metastases without neurological deficits and was managed conservatively. At last follow-up (21 months) radiographs demonstrated axial misalignment on the anteroposterior radiographs but no clear signs of instability on the flexion-extension radiographs (Fig. 6) . The patient had no neck pain or any signs of medulla oblongata compression.
discussion
Far-lateral and extreme-lateral approaches allow an optimized exposure of the inferior portion of the clivus, the intradural vertebral artery, and vertebrobasilar junction, as well as the medulla oblongata. According to Bertalanffy and Seeger, who first described this approach, a limited resection of the condyle is needed to expose the aforementioned areas. 5 In a recent morphometric analysis, the jugular tubercle and not the condyle as part of the atlantooccipital joint was found as the obstacle in the surgical corridor in this approach. 10 Depending on the location of the pathology (i.e., intradural, intraextradural, or purely extradural), and the amount of bone destruction, infiltration, or displacement of adjacent structures, a tailoring of the approach may include more or less resection of the occipitoatlantal joint. This may lead to a craniocervical instability, which is difficult to define. Clinical instability has been defined as the "loss of the ability of the spine under physiological loads to maintain its pattern of displacement so that there is no initial or additional neurological deficit, no major deformity, and no incapacitating pain." 17 In our practice, this definition is the principle for the recommendation whether to perform fusion or not. In another definition for spine instability, acute instability is divided into "overt" and "limited."
3 For the craniocervical junction, these 2 categories may be divided by the morphological resection/destruction of the atlantooccipital joint or nonphysiological motion on flexion-extension radiographs.
13,16
Recommendations for occipitocervical fusion following lateral approaches have been based on biomechanical studies and a few single-center experiences. In a laboratory setting, the effects of staged condylectomy on the range of motion at occiput-C1 and C1-2 articulation in 6 human cadaver specimens was studied. 16 An incremental 25% removal of a unilateral condyle from the medial to the lateral side was performed. The range of motion at the occiput-C1 articulation showed statistically significant hypermobility for all motion following 50% resection, and frank instability was measured after 75% resection. Based on their findings, the authors recommended occipitocervical fusion if ≥ 50% resection of the condyle is performed. Another study reported the experience in a retrospective review of 27 patients in whom an extreme-lateral transcondylar approach was performed. 4 The indication for occipitocervical fusion was one or more of the following: 1) radiological instability on flexion-extension radiographs, 2) clinical instability defined by the presence of a painful head tilt, and 3) complete resection of the condyle. The third criterion was based on the experience in 6 patients with complete condyle resection because of the high incidence of painful head tilt as well as radiological instability in those patients. Eight patients required occipitocervical fusion and all had more than 70% resection of their condyle. None of the patients with condyle resection of less than 70% required occipitocervical fusion. Based on their experience, the authors concluded that most patients with less than 70% resection of the condyle would not require fusion and patients following resection of more than 70% are recommended for occipitocervical fusion. However, the authors also stated that the recommendation is based on a limited number of patients.
Our data, although limited by the small number of patients and in some cases with short-term follow-up periods, provide a more conservative basis in decision making with regard to occipitocervical fusion for patients following far-lateral approaches. None of the patients in this study required occipitocervical fusion. None of the patients with 50% or less resection of the condyle were placed a rigid cervical collar postoperatively, and none developed neck pain or signs of brainstem compression. Five patients had condyle destruction of more than 75% due to the osteodestructive nature of the tumor (Cases 10, 16, and 21) or due to compressive erosion of the bone (Cases 2 and 4). Of those patients only 1 (Case 16) presented with slight intermittent neck pain that evolved into neck "discomfort" after 3 months. Even for those 5 patients with preoperative destruction of the condyle of more than 75%, occipitocervical fusion was not deemed necessary because these patients did not have any signs of clinical instability and we were therefore encouraged not to perform fusion. We found that only for those patients with rapid destruction of the condyle was a postoperative rigid collar necessary. For those with slow-growing lesions and intact ligaments of the occiput-C1 and C1-2 articulation, postoperative collar fixation seemed to be unnecessary.
Obviously, with the limited number of patients in our series we were not able to fully explore and explain why these patients did not develop clinically evident instability. However, it is well established that both motion and stability of the craniocervical junction are determined by the unique bone and ligament configurations. 9, 15 Because there are no intervertebral discs and because the articular facets are aligned horizontally, stability is primarily derived from the ligaments and membranes in this region and not by the bone structures. 6 Therefore, recommendations for occipitocervical fusion should not be based solely on the extent of bone destruction but have to take into consideration the integrity of the ligament in this region.
To date, there are not sufficient data available for skull base or spine surgeons to make a definitive recommendation, based on CT morphometric evaluation of the condyle resection/destruction, as to which patients should undergo occipitocervical fusion following a lateral approach including condyle loss. Plain radiographs do not provide reliable visualization of the atlantooccipital joint that allows sub- luxation or rotatory instability to be evaluated. Therefore, indications for occipitocervical fusion should not be based upon plain radiographs alone. A prophylactic occipitocervical fusion for the possibility that a glacial instability of the atlantooccipital joint could develop and eventually progress to overt instability 13 years ahead is not recommended, especially in patients with metastatic disease and a limited overall survival.
conclusions
The unilateral resection or destruction of the condyle does not necessarily result in craniocervical instability. Even in the 5 cases with removal of > 75% of the condyle without significant destruction of the ligaments of the joint, no evident instability was encountered. The indication for craniocervical fusion should be based on clinical signs such as pain in head tilt or neurological deficits due to compression of the medulla. The far-lateral or extremelateral approach may be safer with regard to craniocervical instability as generally considered and may not compel fusion in all cases with condylar resection of more than 75%.
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